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(57) ABSTRACT

A surface position detecting apparatus is arranged to be able
to detect a surface position of a detection target surface with
high accuracy, while restraining influence of a relative posi-
tional deviation between polarization components in a beam
totally reflected on an internal reflection surface of a prism
member, on detection of the surface position of the detection
target surface. At least one of a light projection system and a
light reception system is provided with a total reflection prism
member (7; 8) having an internal reflection surface (75, 7¢;
8b, 8¢) which totally reflects an incident beam. For restraining
influence of the relative positional deviation between polar-
ization components of the beam totally reflected on the inter-
nal reflection surface of the total reflection prism member, on
the detection of the surface position of the detection target
surface (Wa), a refractive index of an optical material forming
the total reflection prism member and an angle of incidence of
the incident beam to the internal reflection surface of the total
reflection prism member are set so as to satisfy a predeter-
mined relation.
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Fig.3
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1
SURFACE POSITION DETECTING
APPARATUS, EXPOSURE APPARATUS AND
DEVICE MANUFACTURING METHOD

TECHNICAL FIELD

The present invention relates to surface position detecting
apparatus, exposure apparatus, and device manufacturing
methods. More particularly, the present invention relates to
detection of a surface position of a photosensitive substrate in
a projection exposure apparatus used for transferring a mask
pattern onto the photosensitive substrate by lithography for
manufacturing devices such as semiconductor devices, lig-
uid-crystal display devices, imaging devices, and thin-film
magnetic heads.

BACKGROUND ART

A surface position detecting apparatus of an oblique inci-
dence type disclosed in Japanese Patent Application Laid-
open No. 2001-296105 (Patent Document 1) by the same
applicant is known as a conventional surface position detect-
ing apparatus suitable for projection exposure apparatus. In
order to theoretically enhance the detection accuracy of the
surface position of a detection target surface in this surface
position detecting apparatus of the oblique incidence type, it
is necessary to set an angle of incidence of a beam to the
detection target surface large (or close to 90°). In this case, it
is suggested that parallelogram prisms with a pair of internal
reflection surfaces parallel to each other (which will be
referred to hereinafter as “rhomboid prisms™) are disposed in
respective optical paths of the projecting optical system and
the condensing optical system to locate the projecting optical
system and the condensing optical system away from the
detection target surface (cf. FIG. 7 in Patent Document 1).
Patent Document 1: U.S. Pat. No. 6,897,462.

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

In the conventional surface position detecting apparatus
disclosed in FIG. 7 of Patent Document 1 described above,
however, there appears a relative positional deviation
between polarization components in the beam totally
reflected on the two mutually parallel internal reflection sur-
faces of the projection-side rhomboid prism, so that there is a
possibility that any clear pattern image cannot be formed on
the detection target surface. Likewise, there also appears a
relative positional deviation between polarization compo-
nents in the beam reflected from the detection target surface
and then totally reflected on the two mutually parallel internal
reflection surfaces of the reception-side rhomboid prism, so
that there is a possibility that a secondary image of the pattern
can become more unclear.

On the other hand, when the conventional surface position
detecting apparatus is applied to detection of a surface posi-
tion of a wafer (photosensitive substrate) whose surface is
coated with a resist, in an exposure apparatus, it is known that
the reflectance for light of a specific polarization component
varies depending upon the thickness of the resist layer. As a
consequence, the conventional surface position detecting
apparatus tends to make a detection error of the surface posi-
tion of the detection target surface because of the relative
positional deviations between polarization components in the
beam totally reflected on the internal reflection surfaces of the

20

25

30

35

40

45

50

55

60

65

2

rhomboid prisms and the variation in the reflectance due to
the thickness of the resist layer on the photosensitive sub-
strate.

Means for Solving the Problem

In order to solve the above problem, a first aspect of the
present invention provides a surface position detecting appa-
ratus comprising a light projection system which projects a
beam from an oblique direction onto a detection target sur-
face, and a light reception system which receives a beam
reflected on the detection target surface, the surface position
detecting apparatus being adapted to detect a surface position
of the detection target surface on the basis of an output from
the light reception system,

wherein at least one of the light projection system and the
light reception system comprises a total reflection prism
member having an internal reflection surface which totally
reflects an incident beam, and

wherein, for restraining influence of a relative positional
deviation between polarization components of the beam
totally reflected on the internal reflection surface of the total
reflection prism member, on detection of the surface position
of'the detection target surface, a refractive index of an optical
material forming the total reflection prism member and an
angle of incidence of the incident beam to the internal reflec-
tion surface of the total reflection prism member are set so as
to satisfy a predetermined relation.

A second aspect of the present invention provides an expo-
sure apparatus which projects a predetermined pattern
through a projection optical system onto a photosensitive
substrate to effect exposure thereof, comprising:

the surface position detecting apparatus of the first aspect
which detects a surface position of a surface of the predeter-
mined pattern or an exposed surface of the photosensitive
substrate relative to the projection optical system, as the sur-
face position of the detection target surface; and

a positioning apparatus which positions the surface of the
predetermined pattern or the exposed surface of the photo-
sensitive substrate relative to the projection optical system,
based on a detection result by the surface position detecting
apparatus.

A third aspect of the present invention provides a device
manufacturing method comprising:

an exposure step of effecting exposure of the photosensi-
tive substrate with the predetermined pattern, using the expo-
sure apparatus of the second aspect; and

a development step of developing the photosensitive sub-
strate exposed in the exposure step.

A fourth aspect of the present invention provides an optical
apparatus in which an optical member having a total reflec-
tion surface is disposed in an optical path,

wherein a refractive index of the optical member and an
angle ofincidence oflight to the total reflection surface are set
$0 as to restrain a relative positional deviation between polar-
ization components of light totally reflected on the total
reflection surface of the optical member.

A fifth aspect of the present invention provides an optical
apparatus comprising N internal reflection surfaces in an
optical path,

wherein angles of incidence of light to the respective N
internal reflection surfaces and refractive indices of respec-
tive optical members forming the N internal reflection sur-
faces are set so that a relative positional deviation between
polarization components of light totally reflected on the N
internal reflection surfaces becomes substantially zero.
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A sixth aspect of the present invention provides a measur-
ing apparatus in which an optical member having a total
reflection surface is disposed in a measurement optical path,

wherein a refractive index of the optical member and an
angle of incidence of measurement light to the total reflection
surface are set so as to restrain a relative positional deviation
between polarization components of the measurement light
totally reflected on the total reflection surface of the optical
member.

A seventh aspect of the present invention provides a mea-
suring apparatus which measures a measurement target sur-
face, comprising:

a detector which detects measurement light from the mea-
surement target surface; and

an optical member with a total reflection surface disposed
in an optical path between the measurement target surface and
the detector,

wherein, for restraining a relative positional deviation
between polarization components of the measurement light
totally reflected on the total reflection surface of the optical
member, a refractive index of the optical member and an
angle of incidence ofthe measurement light to the total reflec-
tion surface are set.

An eighth aspect of the present invention provides a mea-
suring apparatus which measures a measurement target sur-
face, comprising:

a light projection system which guides measurement light
to the measurement target surface;

a light reception system which receives the measurement
light from the measurement target surface; and

an optical member with a total reflection surface disposed
in at least one of an optical path of the light projection system
and an optical path of the light reception system,

wherein, for restraining a relative positional deviation
between polarization components of the measurement light
totally reflected on the total reflection surface of the optical
member, a refractive index of the optical member and an
angle of incidence ofthe measurement light to the total reflec-
tion surface of the optical member are set.

A ninth aspect of the present invention provides a measur-
ing apparatus comprising N internal reflection surfaces in an
optical path,

wherein angles of incidence of light to the respective N
internal reflection surfaces and refractive indices of respec-
tive optical members forming the N internal reflection sur-
faces are set so that a relative positional deviation between
polarization components of light totally reflected on the N
internal reflection surfaces becomes substantially zero.

A tenth aspect of the present invention provides an expo-
sure apparatus which effects exposure of a photosensitive
substrate with a predetermined pattern, comprising:

the measuring apparatus of the sixth aspect, the seventh
aspect, the eighth aspect, or the ninth aspect which measures
a position of the photosensitive substrate.

An eleventh aspect of the present invention provides a
device manufacturing method comprising:

an exposure step of effecting exposure of the photosensi-
tive substrate with the predetermined pattern, using the expo-
sure apparatus of the tenth aspect; and

a development step of developing the photosensitive sub-
strate exposed in the exposure step.

A twelfth aspect of the present invention provides an opti-
cal apparatus comprising: at least one optical member dis-
posed in an optical path and having a total reflection surface;
and an adjusting device for adjusting a relative positional
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4

deviation between polarization components of light totally
reflected on the total reflection surface of the at least one
optical member.

A thirteenth aspect of the present invention provides an
adjustment method comprising: a step of disposing at least
one optical member having a total reflection surface, in an
optical path; and a step of adjusting a relative positional
deviation between polarization components of light caused at
the total reflection surface of the at least one optical member.

A fourteenth aspect of the present invention provides an
adjustment method comprising: a step of guiding light to at
least one optical member having a total reflection surface; a
step of detecting a relative positional deviation between
polarization components of the light caused at the total reflec-
tion surface of the at least one optical member; and a step of
adjusting an angle of incidence of the light incident to the total
reflection surface of the at least one optical member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing schematically showing a configuration
of an exposure apparatus with a surface position detecting
apparatus according to an embodiment of the present inven-
tion.

FIG. 2 is an optical path diagram showing that a projecting
optical system and a condensing optical system in FIG. 1 both
are telecentric on both sides.

FIG. 3 is a drawing schematically showing a configuration
between a pair of pentagonal prisms in the surface position
detecting apparatus of the embodiment.

FIG. 4 is a perspective view showing a state in which a
primary image of a grating pattern 3a is formed on a detection
target surface Wa.

FIG. 5 is a drawing schematically showing a configuration
of a light reception slit S having five rectangular apertures
Sal-Sa5 elongated in the X-direction.

FIG. 6 is a drawing showing a state in which five silicon
photodiodes PD1-PD5 are provided on a light reception sur-
face 154 of a light reception unit 15 so as to optically corre-
spond to the apertures Sal-Sa5 of the light reception slit S.

FIG. 7 is a drawing schematically showing a state in which
there appears a relative positional deviation between polar-
ization components in a beam totally reflected on an internal
reflection surface of a prism.

FIG. 8 is a drawing showing a relation between a relative
positional deviation amount A (GHS) between polarization
components caused in total reflection, and a measured value
of an AF surface.

FIG. 9 is a partly enlarged view of FIG. 8.

FIG. 10 is a drawing showing a relation between an angle
of incidence to a total reflection surface and a relative posi-
tional deviation amount between polarization components.

FIG. 11 is a drawing showing a relation between a refrac-
tive index of a prism and a relative positional deviation
amount between polarization components.

FIG. 12 is a drawing schematically showing a major con-
figuration in a modification example of the embodiment.

FIG. 13 is a drawing to illustrate a range of incidence angle
0 to keep the absolute value of relative positional deviation
amount A not more than 0.3 um, where the refractive index n
of a total reflection prism member is 1.45.

FIG. 14 is a drawing to illustrate a range of incidence angle
0 to keep the absolute value of relative positional deviation
amount A not more than 0.3 um, where the refractive index n
of a total reflection prism member is 1.5.

FIG. 15 is a drawing to illustrate a range of incidence angle
0 to keep the absolute value of relative positional deviation



US 8,432,554 B2

5

amount A not more than 0.3 um, where the refractive index n
of a total reflection prism member is 1.6.

FIG. 16 is a drawing to illustrate a range of incidence angle
0 to keep the absolute value of relative positional deviation
amount A not more than 0.3 um, where the refractive index n
of a total reflection prism member is 1.7.

FIG. 17 is a drawing showing an example of application of
the present invention to an apparatus for measuring a surface
shape of a detection target surface.

FIG. 18 is a drawing showing an example of application of
the present invention to an apparatus for measuring a position
of a detection target surface.

FIG. 19 is a drawing to illustrate an idea to use a tetragonal
prism as a total reflection prism member to keep down a
relative positional deviation amount finally appearing in light
successively totally reflected on two total reflection surfaces.

FIG. 20 is a partly enlarged view of FIG. 13 and drawing to
illustrate a range of incidence angle 6 to keep the absolute
value of relative positional deviation amount A not more than
0.05 pm.

FIG. 21 is a partly enlarged view of FIG. 14 and drawing to
illustrate a range of incidence angle 6 to keep the absolute
value of relative positional deviation amount A not more than
0.05 pm.

FIG. 22 is a partly enlarged view of FIG. 15 and drawing to
illustrate a range of incidence angle 6 to keep the absolute
value of relative positional deviation amount A not more than
0.05 pm.

FIG. 23 is a partly enlarged view of FIG. 16 and drawing to
illustrate a range of incidence angle 6 to keep the absolute
value of relative positional deviation amount A not more than
0.05 pm.

FIG. 24 is a flowchart of a method for obtaining semicon-
ductor devices as micro devices.

FIG. 25 is a flowchart of a method for obtaining a liquid-
crystal display device as a micro device.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described on
the basis of the accompanying drawings. FIG. 1 is a drawing
schematically showing a configuration of an exposure appa-
ratus with a surface position detecting apparatus according to
an embodiment of the present invention. FIG. 2 is an optical
path diagram showing that a projecting optical system and a
condensing optical system in FIG. 1 both are telecentric on
both sides. FIG. 3 is a drawing schematically showing a
configuration between a pair of pentagonal prisms in the
surface position detecting apparatus of the present embodi-
ment.

FIG. 1 and FIG. 2 are depicted without illustration of the
configuration between a pair of pentagonal prisms 6 and 9, for
clarification of the drawings. In FIG. 1, the Z-axis is set in
parallel with the optical axis AX of a projection optical sys-
tem PL, the Y-axis in parallel with the plane of FIG. 1 in a
plane perpendicular to the optical axis AX, and the X-axis
perpendicularly to the plane of FIG. 1. In the present embodi-
ment, the surface position detecting apparatus of the present
invention is applied to detection of a surface position of a
photosensitive substrate in a projection exposure apparatus.

The exposure apparatus shown is provided with an illumi-
nation system IL for illuminating a reticle R as a mask with a
predetermined pattern formed therein, with illumination light
(exposure light) emitted from a light source for exposure (not
shown). The reticle R is held in parallel with the XY plane on
a reticle stage (not shown), through a reticle holder RH. The
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reticle stage is two-dimensionally movable along the reticle
surface (or the XY plane) by action of an unrepresented
driving system, position coordinates thereof are measured by
a reticle interferometer (not shown), and the reticle stage is
arranged to be controlled in position.

Light from the pattern formed in the reticle R travels
through the projection optical system PL to form a reticle
pattern image on a surface (exposed surface) Wa of a wafer W
being a photosensitive substrate. The wafer W is mounted on
a wafer holder 21 and the wafer holder 21 is supported by a
holder holding mechanism 22. The holder holding mecha-
nism 22 supports the wafer holder 21 at three support points
22a-22¢ (among which only two support points 22a and 225
are shown in FIG. 1) movable vertically (in the Z-direction),
based on control of a holder driving unit 23.

In this configuration, the holder driving unit 23 controls
each of vertical movements of the respective support points
22a-22¢ of the holder holding mechanism 22 to perform
leveling (horizontal positioning) and Z-directional (focusing)
movement of the wafer holder 21 and, in turn, leveling and
Z-directional movement of the wafer W. The wafer holder 21
and the holder holding mechanism 22 are further supported
by a wafer stage (not shown). The wafer stage is two-dimen-
sionally movable along a wafer surface (or the XY plane) and
rotatable around the Z-axis by action of an unrepresented
driving system, position coordinates thereof are measured by
a wafer interferometer (not shown), and the wafer stage is
arranged to be controlled in position.

For suitably transferring a circuit pattern on the pattern
surface of the reticle R into each exposure area on the exposed
surface Wa of the wafer W, it is necessary to position a current
exposure area on the exposed surface Wa, within a width of
the depth of focus centered on the image plane by the projec-
tion optical system PL, on every occasion of exposure into
each exposure area. It can be met by the following operation:
a surface position of each point in the current exposure area,
i.e., the surface position along the optical axis AX of the
projection optical system PL is accurately detected and there-
after the leveling and Z-directional movement of the wafer
holder 21, therefore, the leveling and Z-directional movement
of the wafer W, is implemented so as to keep the exposed
surface Wa within the range of the width of the focal depth of
the projection optical system PL.

The projection exposure apparatus of the present embodi-
ment is provided with the surface position detecting apparatus
for detecting the surface position of each point in the current
exposure area on the exposed surface Wa. With reference to
FIG. 1, the surface position detecting apparatus of the present
embodiment is provided with a light source 1 for supplying
detection light. In general, the surface Wa of the wafer W as a
detection target surface is coated with a thin film such as a
resist. Therefore, in order to reduce influence of interference
due to this thin film, the light source 1 is desirably a white
light source with a wide wavelength band (e.g., a halogen
lamp for supplying illumination light with the wavelength
band of 600-900 nm, a xenon light source for supplying
illumination light with a wide band equivalent thereto, or the
like). The light source 1 can also be a light emitting diode for
supplying light in a wavelength band where the resist dem-
onstrates weak photosensitivity.

A diverging beam from the light source 1 is converted into
anearly parallel beam through a condenser lens 2 and then the
nearly parallel beam is incident to a folding prism 3. The
folding prism 3 deflects the nearly parallel beam from the
condenser lens 2 into the —Z-direction by refraction. A trans-
missive grating pattern 3a is formed on the exit side of the
folding prism 3 and in a structure in which transmitting por-
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tions and shield portions elongated in the X-direction are
alternately provided at a fixed pitch. Itis also possible to apply
a reflective diffraction grating of an uneven shape or a reflec-
tive grating pattern with reflecting portions and non-reflecting
portions being alternately formed, instead of the transmissive
grating pattern.

The light transmitted by the transmissive grating pattern 3a
is incident to a projecting optical system (4, 5) disposed along
an optical axis AX1 parallel to the optical axis AX of the
projection optical system. The projecting optical system (4,
5) is composed of a projection condensing lens 4 and a pro-
jection objective lens 5. The beam having passed through the
projecting optical system (4, 5) is then incident to a pentago-
nal prism 6. The pentagonal prism 6 is a folding prism of a
pentagonal prism shape whose longitudinal axis extends
along the X-direction, and has a first transmission surface 6a
for directly transmitting light incident along the optical axis
AX1 without refraction thereof. Namely, the first transmis-
sion surface 6a is set perpendicularly to the optical axis AX1.

The light through the first transmission surface 6a propa-
gates along the optical axis AX1 inside the pentagonal prism
6, is then reflected by a first reflection surface 64, and there-
after is again reflected into an optical axis AX2 by a second
reflection surface 6¢. The light reflected by the second reflec-
tion surface 6¢ propagates along the optical axis AX2 inside
the pentagonal prism 6 and then travels through a second
transmission surface 6d, without being refracted. Namely, the
second transmission surface 64 is set perpendicularly to the
optical axis AX2. The pentagonal prism 6 is made of an
optical material with low thermal expansion and low disper-
sion like silica glass and a reflecting film of aluminum, silver,
or the like is formed on each of the first reflection surface 64
and the second reflection surface 6¢.

In this manner, the light incident in the —-Z-direction along
the optical axis AX1 is largely deflected by the pentagonal
prism 6 to be guided along the optical axis AX2 to the detec-
tion target surface Wa. At this time, the direction of the optical
axis AX2 or, therefore, the angle of deflection by the pentago-
nal prism 6 is set so that an angle of incidence to the detection
target surface Wa becomes sufficiently large. Specifically, as
shown in FIG. 3, the beam emitted along the optical axis AX2
from the pentagonal prism 6 is incident to a projection-side
rhomboid prism 7.

The rhomboid prism 7 is a prism of a quadrangular prism
shape having a cross section of a parallelogram shape (or
rhomboid shape), and the longitudinal axis thereof is
arranged along the X-direction as that of the pentagonal prism
6 is. In the rhomboid prism 7, the light transmitted by a first
transmission surface 7a perpendicular to the optical axis AX2
is successively reflected by a pair of reflection surfaces 76 and
7¢ parallel to each other, then travels through a second trans-
mission surface 7d parallel to the first transmission surface
7a, and is exited along an optical axis AX21 parallel to the
optical axis AX2, from the rhomboid prism 7. The beam
emitted along the optical axis AX21 from the rhomboid prism
7 is then incident to the detection target surface Wa.

The apparatus is arranged as follows: in a state in which the
detection target surface Wa is aligned with the image plane of
the projection optical system PL, the projecting optical sys-
tem (4, 5) keeps the patterned surface of the grating pattern 3a
(or the exit surface of the folding prism 3) conjugate with the
detection target surface Wa. Furthermore, the patterned sur-
face of the grating pattern 3a and the detection target surface
Wa are arranged so as to satisfy the Scheimpflug condition
with respect to the projecting optical system (4, 5). As aresult,
the light from the grating pattern 3a is accurately focused
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throughout an entire pattern image-forming surface on the
detection target surface Wa through the projecting optical
system (4, 5).

As indicated by dashed lines of an optical path in FIG. 2,
the projecting optical system (4, 5) composed of the projec-
tion condensing lens 4 and the projection objective lens Sis a
so-called bi-telecentric optical system. Therefore, points on
the patterned surface of the grating pattern 3¢ and conjugate
points on the detection target surface Wa are kept each at the
same magnification throughout the entire surface. In this way,
aprimary image of the grating pattern 3a is accurately formed
throughout the entire region thereof, as shown in FIG. 4, on
the detection target surface Wa.

Referring again to FIG. 3, the beam reflected on the detec-
tion target surface Wa into an optical axis AX31 symmetric
with the optical axis AX21 with respect to the optical axis AX
of the projection optical system PL is then incident to a
reception-side rhomboid prism 8. The rhomboid prism 8,
similar to the thomboid prism 7, is a prism of a quadrangular
prism shape having the longitudinal axis along the X-direc-
tion and a cross section of a parallelogram shape (or rhomboid
shape). In the rhomboid prism 8, therefore, the light transmit-
ted by a first transmission surface 8a perpendicular to the
optical axis AX31 is successively reflected on a pair of reflec-
tion surfaces 86 and 8¢ parallel to each other, thereafter trav-
els through a second transmission surface 8d parallel to the
first transmission surface 8a, and is exited along an optical
axis AX3 parallel to the optical axis AX31 from the rhomboid
prism 8.

The light emitted along the optical axis AX3 from the
rhomboid prism 8 travels through a pentagonal prism 9 hav-
ing a configuration similar to the aforementioned pentagonal
prism 6, to enter a condensing optical system (10, 11).
Namely, the light reflected on the detection target surface Wa
is incident to the pentagonal prism 9 along the optical axis
AX3 symmetric with the optical axis AX2 with respect to the
optical axis AX of the projection optical system PL. In the
pentagonal prism 9, the light through a first transmission
surface 94 perpendicular to the optical axis AX3 is succes-
sively reflected on a first reflection surface 96 and a second
reflection surface 9¢ and thereafter travels along an optical
axis AX4 extending in the Z-direction, to reach a second
transmission surface 9d. The light through the second trans-
mission surface 9d perpendicular to the optical axis AX4 is
then incident in the +Z-direction and along the optical axis
AX4 into the condensing optical system (10, 11).

The condensing optical system (10, 11) is composed of a
reception objective lens 10 and a reception condensing lens
11. A vibrating mirror 12 as a scanning means is provided in
the optical path between the reception objective lens 10 and
the reception condensing lens 11. Therefore, the light inci-
dent along the optical axis AX4 into the reception objective
lens 10 is deflected by the vibrating mirror 12 and travels
along an optical axis AXS5 to reach the reception condensing
lens 11. In the present embodiment the vibrating mirror 12 is
located at a position approximately coincident with the pupil
plane of the condensing optical system (10, 11), but, without
having to be limited to this, the vibrating mirror 12 can be
located at any position in the optical path between the detec-
tion target surface Wa and after-described shift & tilt correc-
tion prism 13 or in the optical path between the detection
target surface Wa and the folding prism 3.

The light having passed through the condensing optical
system (10, 11) is then incident to the shift & tilt correction
prism 13 having a configuration similar to the aforemen-
tioned folding prism 3. The apparatus is arranged as follows:
in the state in which the detection target surface Wa is aligned
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with the image plane of the projection optical system PL, the
condensing optical system (10, 11) keeps the detection target
surface Wa conjugate with an entrance surface 13a of the shift
& tilt correction prism 13. In this manner, a secondary image
of'the grating pattern 3a is formed on the entrance surface 13a
of the shift & tilt correction prism 13.

A light reception slit S as a shield means is provided on the
entrance surface 13a of the shift & tilt correction prism 13.
The light reception slit S, as shown in FIG. 5, has, for
example, five rectangular apertures Sal-Sa5 elongated in the
X-direction. The reflected light from the detection target sur-
face Wa through the condensing optical system (10, 11) trav-
els through each of the apertures Sal-Sa5 of the light recep-
tion slit S to enter the shift & tilt correction prism 13.

The number of apertures Sa in the light reception slit S
corresponds to the number of detection points on the detec-
tion target surface Wa. Namely, in FIG. 4 showing the state in
which the primary image of the grating pattern 3« is formed
on the detection target surface Wa, detection points (detection
regions) Dal-Da5 on the detection target surface Wa optically
correspond to the five apertures Sal-Sa5 in the light reception
slit S shown in FIG. 5. Therefore, when one desires to
increase the number of detection points on the detection target
surface Wa, it can be realized by simply increasing the num-
ber of apertures Sa, without complication of the configuration
in connection with the increase in the number of detection
points.

The image plane of the projection optical system PL. and
the entrance surface 13a of the shift & tilt correction prism 13
are arranged to satisfy the Scheimpflug condition with respect
to the condensing optical system (10, 11). Therefore, in the
state in which the detection target surface Wa is aligned with
the image plane, the light from the grating pattern 3a is
accurately re-focused throughout an entire pattern image-
forming surface on the prism entrance surface 13a through
the condensing optical system (10, 11).

As indicated by dashed lines of the optical path in FIG. 2,
the condensing optical system (10, 11) is composed of a
bi-telecentric optical system. Therefore, points on the detec-
tion target surface Wa and conjugate points on the prism
entrance surface 13q are kept each at the same magnification
throughout the entire surface. In this manner, the secondary
image of the grating pattern 3a is accurately formed through-
out an entire region thereof, on the entrance surface 13a of the
shift & tilt correction prism 13.

Incidentally, when a light reception surface is located at the
position of the entrance surface 13a of the shift & tilt correc-
tion prism 13, an angle of incidence of the beam to the light
reception surface will be large because the incidence angle 0
of'the beam to the detection target surface Wa is large. In this
case, for example, when a silicon photodiode is placed on the
light reception surface, the angle of incidence of the beam to
the silicon photodiode will be large and reflection will
become significant on the surface of the silicon photodiode;
therefore, there will occur an eclipse of the beam which could
significantly lower a light reception amount.

Inthe present embodiment, in order to avoid the decrease in
the light reception amount due to the angle of incidence of the
beam to the light reception surface, the entrance surface 13a
of the shift & tilt correction prism 13 as a folding optical
system is located on a plane conjugate with the detection
target surface Wa with respect to the condensing optical sys-
tem (10,11), as shown in FIG. 1. As a result, the beam incident
along the optical axis AX5 to the entrance surface 13a of the
shift & tilt correction prism 13 through the condensing optical
system (10, 11) is deflected according to the same angle of
refraction as an apex angle of the shift & tilt correction prism
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13 (an angle between the entrance surface and the exit sur-
face) to be emitted along an optical axis AX6 from the exit
surface 13b. The exit surface 135 is set perpendicularly to the
optical axis AX6.

The light emitted along the optical axis AX6 from the exit
surface 136 of the shift & tilt correction prism 13 is then
incident to a relay optical system (14a, 145) composed of a
pair of lenses 14a and 145. The light through the relay optical
system (14a, 14b) forms conjugate images of the secondary
image of the grating pattern 3a and the apertures Sal-Sa5 of
the light reception slit S formed on the entrance surface 13a of
the shift & tilt correction prism 13, on a light reception surface
15a of alight reception unit 15. On the light reception surface
154, as shown in FIG. 6, five silicon photodiodes PD1-PD5
are provided so as to optically correspond to the apertures
Sal-Sa5 of the light reception slit S. A CCD (two-dimen-
sional charge-coupled imaging device) or a photomultiplier
tube can also be used instead of the silicon photodiodes.

Since the present embodiment uses the shift & tilt correc-
tion prism 13 as a folding optical system as described above,
the angle of incidence of the beam to the light reception
surface 154 is sufficiently small, so as to avoid the decrease in
the light reception amount due to the angle of incidence of the
beam to the light reception surface 15q4. The relay optical
system (14a, 14b) is desirably a bi-telecentric optical system
as shown in FIG. 2. The entrance surface 13a of the shift & tilt
correction prism 13 and the light reception surface 15a are
desirably arranged to satisty the Scheimpflug condition with
respect to the relay optical system (14a, 145).

As described above, the light reception slit S having the
five apertures Sal-Sa5 is provided on the entrance surface
13a of the shift & tilt correction prism 13. Therefore, the
secondary image of the grating pattern 3a formed on the
entrance surface 13a is partially blocked by the light recep-
tion slit S. Namely, only beams from the secondary image of
the grating pattern 3a formed in the regions of the apertures
Sal-Sa5 of the light reception slit S travel through the shift &
tilt correction prism 13 and the relay optical system (14a,
14b) to reach the light reception surface 15a.

In this manner, as shown in FIG. 6, images of the apertures
Sal-Sa5 of the light reception slit S, i.e., slit images SL.1-SL5
are formed on the respective silicon photodiodes PD1-PD5
arranged on the light reception surface 15a of the light recep-
tion unit 15. The apparatus is so set that the slit images
SL1-SL5 are formed inside respective rectangular reception
regions of the silicon photodiodes PD1-PD5.

When the detection target surface Wa is vertically moved in
the Z-direction and along the optical axis AX of the projection
optical system PL, the secondary image of the grating pattern
3a formed on the entrance surface 13a of the shift & tilt
correction prism 13 undergoes a horizontal shift in the pitch
direction of the pattern corresponding to the vertical move-
ment of the detection target surface Wa. In the present
embodiment, an amount of the horizontal shift of the second-
ary image of the grating pattern 3a is detected by the principle
of the photoelectric microscope disclosed, for example, in
Japanese Patent Application Laid-open No. 6-97045 by the
same applicant, and the surface position of the detection
target surface Wa along the optical axis AX of the projection
optical system PL is detected based on the detected horizontal
shift amount.

The following units operate in the same manner as in the
apparatus disclosed in Japanese Patent Application Laid-
open No. 2001-296105 by the same applicant and thus the
description thereof is omitted herein: mirror driving unit 16
for driving the vibrating mirror 12; position detecting unit 17
for performing synchronous detection of detection signals



US 8,432,554 B2

11

from the silicon photodiodes PD1-PDS5 on the basis of an ac
signal from the mirror driving unit 16; correction amount
calculating unit 18 for calculating an inclination correction
amount and a Z-directional correction amount necessary for
keeping the detection target surface Wa within the range of
the depth of focus of the projection optical system PL; holder
driving unit 23 for driving and controlling the holder holding
mechanism 22 on the basis of the inclination correction
amount and Z-directional correction amount to effect leveling
and Z-directional movement of the wafer holder 21.

The Scheimpflug condition, the configurations and actions
of'the folding prism 3 and shift & tilt correction prism 13, and
specific application of the principle of the photoelectric
microscope are disclosed in detail in Japanese Patent Appli-
cation Laid-open No. 6-97045. The configurations and
actions of the pentagonal prisms 6 and 9 are disclosed in detail
in Japanese Patent Application Laid-open No. 2001-296105.
It is also possible to adopt a configuration without either or
both of these pentagonal prisms 6 and 9.

In the present embodiment the pentagonal prisms 6 and 9
are provided in the optical path between the projecting optical
system (4, 5) and the detection target surface Wa and in the
optical path between the condensing optical system (10, 11)
and the detection target surface Wa, respectively, to fold the
optical path of the incident beam to the detection target sur-
face Wa and the optical path of the reflected beam from the
detection target surface Wa by the actions of the pentagonal
prisms 6 and 9, whereby the projecting optical system (4, 5)
and the condensing optical system (10, 11) are set sufficiently
away from the detection target surface Wa. As a consequence,
the configurations and arrangements of the projecting optical
system (4, 5) and the condensing optical system (10, 11) are
substantially free from the restrictions of the detection target
surface Wa.

Since in the present embodiment the rhomboid prisms 7
and 8 are additionally provided in the optical path between the
pentagonal prism 6 and the detection target surface Wa and in
the optical path between the pentagonal prism 9 and the
detection target surface Wa, respectively, the optical path of
the incident beam to the detection target surface Wa and the
optical path of the reflected beam from the detection target
surface Wa are shifted in parallel by the respective actions of
the rhomboid prisms 7 and 8. As a consequence, the pair of
pentagonal prisms 6 and 9 are set away from the detection
target surface Wa and the configurations and arrangements of
the pair of pentagonal prisms 6 and 9 and the holding mem-
bers thereof are substantially free from the restrictions of the
detection target surface Wa.

The surface position detecting apparatus of the present
embodiment is provided with the projection-side prism mem-
ber or rhomboid prism 7 disposed in the optical path of the
light projection system and having a pair of internal reflection
surfaces (75, 7¢) for effecting the parallel shift of the optical
path of the incident beam, and the reception-side prism mem-
ber or rhomboid prism 8 disposed corresponding to the pro-
jection-side prism member 7 in the optical path of the light
reception system and having a pair of internal reflection sur-
faces (86, 8¢) for effecting the parallel shift ofthe optical path
of the incident beam from the detection target surface Wa. In
this case, as described above, there appears a relative posi-
tional deviation between polarization components in the
beam totally reflected on the two mutually parallel internal
reflection surfaces (76, 7¢) of the projection-side rhomboid
prism 7, so that no clear pattern image can be formed on the
detection target surface Wa. Since the projecting optical sys-
tem (4, 5) and the condensing optical system (10, 11) are
telecentric on the detection target surface side, principal rays
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all are incident at the same angle of incidence to the total
reflection surfaces (75, 7¢, 8b, 8¢) of the rhomboid prisms (7,
8).

FIG. 7 is a drawing schematically showing a state in which
there appears a relative positional deviation between polar-
ization components in a beam (a principal ray passing on the
optical axis) totally reflected on an internal reflection surface
ofaprism. As shownin FIG. 7, when light L. propagates inside
the prism 70 and is incident at an angle of incidence over a
predetermined value to the internal reflection surface 71, it is
totally reflected on the internal reflection surface 71. At this
time, the beam totally reflected on the internal reflection
surface 71 includes a light component Ls in an s-polarized
state with the direction of polarization along the direction
normal to the plane of FIG. 7, and a light component Lp in a
p-polarized state with the direction of polarization along the
direction parallel to the plane of FIG. 7, and the light compo-
nent Ls and the light component Lp propagate respectively
along two mutually parallel optical paths spaced by a distance
A inside the prism 70.

Here a relative positional deviation amount A between the
polarization components caused in the beam totally reflected
on the internal reflection surface 71 of the prism 70 is called
a Goos-Haenchen Shift. In this way, the total reflection on the
two mutually parallel internal reflection surfaces (75, 7¢) of
the projection-side rhomboid prism 7 causes a relative posi-
tional deviation between the p-polarized light component and
the s-polarized light component with respect to the detection
target surface Wa in the beam reaching the detection target
surface Wa, and, in turn, causes a relative positional deviation
between a pattern image formed on the detection target sur-
face Wa by the p-polarized light component and a pattern
image formed on the detection target surface Wa by the s-po-
larized light component.

Similarly, there appears a relative positional deviation
between polarization components in the beam totally
reflected on the two mutually parallel internal reflection sur-
faces (856, 8¢) of the reception-side rhomboid prism 8 after
reflected by the detection target surface Wa, so as to make
more unclear the secondary image of the pattern formed on
the entrance surface 13a of the shift & tilt correction prism 13.
In other words, the influence of the total reflection on the
internal reflection surfaces (86, 8¢) of the reception-side
rhomboid prism 8 promotes (or doubles) the relative posi-
tional deviation caused between the secondary image of the
pattern formed on the entrance surface 13a by the p-polarized
light component and the secondary image of the pattern
formed on the entrance surface 13a by the s-polarized light
component.

The surface position detecting apparatus of the present
embodiment is applied to detection of the surface position of
the wafer W having various surface conditions during the
semiconductor exposure process (e.g., a condition that a
structure on the wafer W is composed of plural types of
substances or a condition that a structure on the wafer W itself
is composed of multiple types (multilayer structure)). In gen-
eral, a wafer surface is in a state in which it is coated with a
resist. Under such circumstances, when there is variation in
various surface conditions (e.g., there is variation in thickness
of a layer formed on the wafer or there is variation in a
property such as purity of a material forming the layer) or
when there is variation in resist thickness, the reflectance for
light of a specific polarization component (e.g., the p-polar-
ized light component, the s-polarized light component, or the
like) varies depending upon these variations.

As a consequence, the surface position detecting apparatus
of the present embodiment, without any extra countermea-
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sures, is likely to make a detection error of the surface posi-
tion of the detection target surface Wa because of the relative
positional deviation between the polarization components
caused in the beam totally reflected on the internal reflection
surfaces (76, 7c; 8b, 8¢) of the thomboid prisms (7; 8), and the
variation in the reflectance of the specific polarization com-
ponent due to the variation in the surface condition of the
wafer W and the variation in the resist thickness.

As the projection exposure patterns become finer and finer
in recent years, the requirements for flatness of the wafer
surface are also becoming more exacting and the require-
ments for the detection accuracy of the surface position are
also becoming extremely higher. In the case of the exposure
apparatus and others using the ArF excimer laser light source,
the thickness of the resist on the surface tends to become
smaller and it is the present situation that we are unable to
disregard the detection error of the surface position due to the
various surface conditions and the variation in the resist thick-
ness.

In the present embodiment, therefore, the refractive index
n of the optical material forming each rhomboid prism (7; 8)
as a total reflection prism member and the angle of incidence
0 of the incident beam (principal ray traveling along the
optical axis) to the internal reflection surfaces (75, 7c; 8b, 8¢)
thereof are arranged to satisfy a predetermined relation,
thereby restraining the influence of the relative positional
deviation between the polarization components of the beam
totally reflected on the internal reflection surfaces (74, 7¢; 85,
8¢) of the rhomboid prism (7; 8), on the detection of the
surface position of the detection target surface Wa. The below
will describe the relation to be satisfied by the refractive index
n of the optical material forming each rhomboid prism (7; 8)
and the angle of incidence 0 of the incident beam (principal
ray along the optical axis) to the internal reflection surfaces
(7b, 1c; 8b, 8¢).

Now, phase changes ¢p, ¢s of the p-polarized component
and the s-polarized component at each internal reflection
surface (7b, 7c, 8b, 8¢) as a total reflection surface are repre-
sented by Eq (1) and Eq (2) below, respectively, where 0 is an
angle of incidence of a principal ray to the reflection surface
(0°=0=90°), A the wavelength of the light, and n the refrac-
tive index of the optical material such as glass.

[Math 1]
op nAf n2sin?0 — 1 ( Jagized ) M
tan— = —————— (p-polarized component
2 cosd
bs v n2sin?0 — 1 . @
tanj i (s-polarized component)
n-cos

A relative positional deviation amount Ap of reflection of
the p-polarized component from a reference reflection posi-
tion P, in a direction along the reflection surface (which will
be referred to as the Goos-Haenchen Shift (GHS) of the
p-polarized component) is given by partial differentiation of
the phase change ¢ of the p-polarized component with respect
to 3, 3¢/3p, where the phase change of the p-polarized com-
ponent is defined as f=n/A-cos 6. Furthermore, a relative
positional deviation amount As of reflection of the s-polarized
component from the reference reflection position P, in the
direction along the reflection surface (which will be referred
to as the Goos-Haenchen Shift (GHS) of the s-polarized com-
ponent) is given by partial differentiation of the phase change
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¢ of the s-polarized component with respect to 8, 3¢/3p,
where the phase change of the s-polarized component is
defined as f=n/A-cos 6.

The relative positional deviation amounts Ap, As of the
reflections of the respective polarization components are rep-
resented by Eq (3) and Eq (4) below, respectively.

[Math 2]
a A 3
Ap= % . S~ 3
B 74 nsin?6 - 1
(p-polarized component)
o, A @

Ag =— . tand/(n’sin®0 + sin®6 - 1)

B 7+ n2sin?6 — 1

(s-polarized component)

When a difference A between the relative phase deviation
amounts of the p-polarized light component and the s-polar-
ized light component of the reflected rays in the perpendicular
direction (Goos-Haenchen Shift (GHS)) is determined from
these, the following relation of Eq (5) holds because the
relative phase deviation amount GHS between the reflections
of the respective polarization components in the direction
along the reflection surface is given by Ap-As.

A=cos Ox(Ap-As) %)

For this reason, the difference of A is made between the
optical axes of the p-polarized light and the s-polarized light,
as represented by Eq (6) below.

[Math 3]

A=

Atané ( 1
n2sin6 + sin6 — 1

7\ n2sin?f - 1

1]-0050

Therefore, the relative positional deviation amount A
between the polarization components caused by one total
reflection (internal reflection) in the prism (7; 8) can be rep-
resented by Eq (6) above. Therefore, the condition for nulli-
fying the relative positional deviation between the polariza-
tion components in total reflection, i.e., the condition for
zeroing the relative positional deviation amount A (Goos-
Haenchen Shift (GHS)) between the polarization components
caused in total reflection is to satisfy Eq (7) below.

[Math 4]

sin? 0(n2+1)=2

M

In the present embodiment, the refractive index n of the
optical material forming the rhomboid prism (7; 8) as a total
reflection prism member and the angle of incidence 6 of the
incident beam to the internal reflection surfaces (756, 7c¢; 85,
8¢) are set so as to substantially satisfy the relation repre-
sented by Eq (7), whereby no substantial relative positional
deviation occurs between the polarization components in the
beam totally reflected by the internal reflection surfaces (75,
7c; 8b, 8¢) of the rhomboid prism (7; 8). As a result, a clear
primary image of the pattern is formed on the surface Wa of
the wafer W as a detection target surface and a clear second-
ary image of the pattern is formed on the entrance surface 13a
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of the shift & tilt correction prism 13; in turn, the surface
position of the detection target surface Wa can be detected
with high accuracy.

Accordingly, the exposure apparatus of the present
embodiment is able to highly accurately detect the surface
position of the exposed surface Wa of the wafer (photosensi-
tive substrate) W, using the surface position detecting appa-
ratus capable of detecting the surface position of the detection
target surface with high accuracy, and, in turn, to highly
accurately position the pattern surface of the reticle (mask) R
and the exposed surface Wa of the wafer W relative to the
projection optical system PL.

When the surface position detecting apparatus of the
present embodiment is applied, for example, to the detection
of the surface position of the photosensitive substrate or the
detection of the surface position of the mask in the exposure
apparatus, it is preferable in terms of practical use that the
magnitude (absolute value) of the relative positional devia-
tion amount A between the polarization components caused
in one total reflection should be kept, for example, not more
than 0.3 um. Namely, when the apparatus satisfies Condition
(8) below, there arises no practical problem in the detection of
the surface position of the photosensitive substrate, the detec-
tion of the surface position of the mask, and so on. In Condi-
tion (8), however, the unit of the wavelength A of light is um.

[Math 5]

®

Atanf ( 1

7+ n2sin?0 — 1

—1|-cos8 <03
n2sinf + sin6 — 1 ) o8 (pm)

Letus explain here why it is preferable in terms of practical
use that the magnitude of the relative positional deviation
amount A (Goos-Haenchen Shift (GHS)) between the polar-
ization components caused in total reflection should be not
more than 0.3 um. The required condition for accuracy of
focus detection AF (surface detection and focus measure-
ment) is that it should be smaller than the depth of focus of the
projection optical system PL, and for recent large-NA pro-
jection lenses (focal depth: about 300 nm or less), it is the
present status that a permissible width of AF error due to the
resist thickness should be less than 50 nm in consideration of
other errors. FIG. 8 shows a state of change of AF measured
value against change of resist thickness, where the relative
positional deviation amount A between the polarization com-
ponents is 0.3 um. It is seen that the AF measured value varies
in the width of about 250 nm.

FIG. 9 is an enlarged view of a partial region of FIG. 8. The
resist thickness can have the variation of about £10 nm in a
wafer or among wafers, depending upon the performance of a
film forming system. When the resist thickness varies in the
width of 20 nm in FIG. 9, it is apparent from the drawing that
the AF measured value can have a change of a little less than
about 50 nm in the worst case. It is therefore understood that
the relative positional deviation amount A between the polar-
ization components is preferably kept not more than 0.3 pm.
Furthermore, in order to realize stabler detection while
achieving higher accuracy, the relative positional deviation
amount A between the polarization components is more pref-
erably kept not more than 0.2 pum, as represented by Condition
(9) below.
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[Math 6]

®

Atanf ( 1

7+ n2sin?6 — 1

—1|-cos6<0.2
n2sin@ + sin?@ — 1 ) o8 (hm)

The following will describe why it is preferable in terms of
practical use that the magnitude of the relative positional
deviation amount A (Goos-Haenchen Shift (GHS)) between
the polarization components caused in total reflection should
be kept not more than 0.2 pm. The change of AF measured
value is proportional to the relative positional deviation
amount A between the polarization components and when the
relative positional deviation amount A between the polariza-
tion components is not more than 0.2 um, the change amount
of AF measured value becomes approximately 30 nm. When
the error is 30 nm, there is a margin of about 20 nm with
respect to the minimum requisite amount of 50 nm and this
quantity is equivalent to an AF measurement error when an
AF optical system has chromatic aberration due to a manu-
facturing error. Therefore, even with the error due to chro-
matic aberration caused by the manufacturing error, stable
measurement can be always implemented with high accuracy
as long as the relative positional deviation amount A between
the polarization components is not more than 0.2 um.

Now, let us consider the relationship to be satisfied by the
refractive index n of the optical material forming the rhom-
boid prism (7; 8) and the angle of incidence 0 of the incident
beam to the internal reflection surfaces (76, 7¢; 8b, 8¢) in
accordance with more specific forms. FIG. 10 is a drawing
showing a relation between an angle of incidence to a total
reflection surface and a relative positional deviation amount
between polarization components. In FIG. 10, the vertical
axis represents the relative positional deviation amount A
(um) between polarization components and the horizontal
axis the angle of incidence 8 (°) to the total reflection surface.

The sign convention for the relative positional deviation
amount A is defined as follows: the relative positional devia-
tion amount A is positive when the totally reflected s-polar-
ized light component Ls and p-polarized light component Lp
are in the positional relationship of FIG. 7 (or when the
s-polarized light component Ls is inside the p-polarized light
component Lp); the relative positional deviation amount A is
negative when the p-polarized light component Lp is inside
the s-polarized light component Ls. The same also applies to
FIG. 11 and FIGS. 13 to 16 described below.

FIG. 10 shows the relation between the incidence angle 0
and the relative positional deviation amount A in a case where
the refractive index n of the optical material forming the prism
(e.g., silica glass) is 1.45 and where the center wavelength Ac
of used light (detection light) is 750 nm. With reference to
FIG. 10, the total reflection starts to occur at the incidence
angle 0 of about 43° and the relative positional deviation
amount A in the positive range monotonically decreases with
increase in the incidence angle 6 from the total reflection
angle. When the incidence angle 0 shortly reaches approxi-
mately 53°, the relative positional deviation amount A
becomes approximately zero; as the incidence angle 0 further
increases from about 53°, the relative positional deviation
amount A becomes negative and the magnitude thereof mono-
tonically increases.

In this case, when the center wavelength Ac of used light is
changed, the value of relative positional deviation amount A
varies for the same incidence angle 0. As apparent from Eqs
(6) and (7) described above, however, there is no substantial
change in the value of incidence angle 6 at the relative posi-
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tional deviation amount A of 0, even with change in the center
wavelength Ac of used light. In other words, the value of
incidence angle 0 at the relative positional deviation amount
A of 0 is substantially independent of the center wavelength
Ac of used light.

In the present embodiment, as described above, where the
rhomboid prism (7; 8) is made of the optical material with the
predetermined refractive index n, the incidence angle 6 of the
incident beam to the internal reflection surfaces (75, 7c; 86,
8¢) can be determined so that the relative positional deviation
amount A between the polarization components of the beam
totally reflected by the internal reflection surfaces (75, 7¢; 85,
8¢) of the prism becomes approximately zero, i.e., so that the
absolute value of the relative positional deviation amount A
becomes, for example, not more than 0.3 pm and more pref-
erably not more than 0.2 um. It is seen from FIG. 10 that the
degree of change of the relative positional deviation amount A
is small against variation of the incidence angle 6 and thus
that a mounting error of the rhomboid prism (7; 8) or the like
will cause little influence on the detection accuracy.

FIG. 11 is a drawing showing a relation between the refrac-
tive index of the prism and the relative positional deviation
amount between polarization components. In FIG. 11, the
vertical axis represents the relative positional deviation
amount A (um) between polarization components and the
horizontal axis the refractive index n of the optical material
forming the prism. FIG. 11 shows the relationship between
the refractive index n and the relative positional deviation
amount A in a case where the incidence angle 0 to a total
reflection surface is 45° and where the center wavelength Ac
of'used light is 750 nm. With reference to FIG. 11, the relative
positional deviation amount A in the positive range monotoni-
cally decreases with increase in the refractive index n from
1.45 and the relative positional deviation amount A becomes
approximately zero at the refractive index n of about 1.73. As
the refractive index n further increases from about 1.73, the
relative positional deviation amount A becomes negative and
the magnitude thereof monotonically increases.

In this case, the value of relative positional deviation
amount A also changes for the same refractive index n with
change in the center wavelength Ac of used light, whereas the
value of refractive index n at the relative positional deviation
amount A of 0 has no substantial change. In the present
embodiment, as described above, where the rhomboid prism
(7; 8) is configured to totally reflect light incident at a prede-
termined incidence angle 0 to the internal reflection surfaces
(7b, 7c; 8b, 8¢), the refractive index n of the optical material
forming the rhomboid prism (7; 8) can be determined so that
the relative positional deviation amount A between the polar-
ization components of the totally reflected beam becomes
approximately zero, i.e., so that the absolute value of the
relative positional deviation amount A becomes, for example,
not more than 0.2 pm.

In the aforementioned embodiment shown in FIGS. 1 to 3,
the four total reflection surfaces (76, 7¢; 84, 8¢) are disposed
in the optical path to guide the light from the projecting
optical system (4, 5) through the pentagonal prism 6 and the
rhomboid prism 7 to the detection target surface Wa and to
guide the light from the detection target surface Wa through
the rhomboid prism 8 and the pentagonal prism 9 to the
condensing optical system (10, 11). There are, however, no
particular restrictions on the number and arrangement of total
reflection surfaces, but it is also possible, for example, to
adopt a configuration in which two total reflection surfaces
(315; 32b) are disposed in the optical path, as shown in FIG.
12.
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In the modification example of FIG. 12, the light from the
projecting optical system (4, 5) is guided through a triangular
prism 31 as a path folding prism to the detection target surface
Wa and the light from the detection target surface Wa is
guided through a triangular prism 32 as a path folding prism
to the condensing optical system (10, 11). Itis noted that FI1G.
12 is depicted without illustration of the projection condens-
ing lens 4 and the reception condensing lens 11, correspond-
ing to FIG. 3.

In the modification example of FIG. 12, the light emitted
along the optical axis AX1 from the projecting optical system
(4, 5) is incident to the path folding prism 31. In the path
folding prism 31, the light through a first transmission surface
31aistotally reflected on a total reflection surface 315, passes
through a second transmission surface 31c¢, and is then emit-
ted along the optical axis AX2 from the path folding prism 31.
The light emitted along the optical axis AX2 from the path
folding prism 31 is incident to the detection target surface Wa.

The light reflected along the optical axis AX3, which is
symmetric with the optical axis AX2 with respect to the
optical axis AX of the projection optical system PL, by the
detection target surface Wa is then incident to the path folding
prism 32. In the path folding prism 32, the light passing
through a first transmission surface 32aq is totally reflected on
a total reflection surface 325, then passes through a second
transmission surface 32¢, and is emitted along the optical axis
AX4 from the path folding prism 32. The light emitted along
the optical axis AX4 from the path folding prism 32 is then
incident to the condensing optical system (10, 11).

Inthe modification example of FIG. 12, the refractive index
n of the optical material forming the path folding prism (31;
32) as a total reflection prism member and the angle of inci-
dence 0 of the light to the total reflection surface (315; 326)
thereof are set so as to substantially satisfy the relation of Eq
(7), whereby the surface position of the detection target sur-
face Wa can be detected with high accuracy, while restraining
the influence of the relative positional deviation between the
polarization components caused in the totally reflected light
on the total reflection surface (315; 325) of the path folding
prism (31; 32), on the detection of the surface position of the
detection target surface Wa.

In other words, for detecting the surface position of the
detection target surface Wa with high accuracy while restrain-
ing the influence of the relative positional deviation between
polarization components caused in the light totally reflected
on the total reflection surface (315; 325) of the path folding
prism (31; 32), on the detection of the surface position of the
detection target surface Wa, the refractive index n of the path
folding prism (31; 32) and the incidence angle 6 of the inci-
dent light to the total reflection surface (3154; 3256) can be
determined so that the relative positional deviation amount A
between the polarization components of the light totally
reflected on the total reflection surface (3156; 325) becomes
approximately zero, i.e., so that the absolute value of the
relative positional deviation amount A between the polariza-
tion components caused in one total reflection becomes, for
example, not more than 0.3 pm and more preferably not more
than 0.2 pm.

The following will describe a range of incidence angle 0
where the absolute value of the relative positional deviation
amount A between the polarization components caused in one
total reflection becomes not more than 0.3 pm, with change in
the refractive index n of the total reflection prism member,
with reference to FIGS. 13 to 16. FIG. 13 shows a relation
between the relative positional deviation amount A by one
total reflection and the incidence angle 0 in a case where the
refractive index n of the total reflection prism member is 1.45
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and where the center wavelength Ac of light is 750 nm. It is
seen from FIG. 13 that the range of incidence angle 6 may be
set to be approximately from 48° to 90°, in order to satisty
Condition (8) while the absolute value of the relative posi-
tional deviation amount A between the polarization compo-
nents caused in one total reflection is kept not more than 0.3
um. The incidence angle 6 is about 53° when the relative
positional deviation amount A is approximately zero.

FIG. 14 shows a relation between the relative positional
deviation amount A by one total reflection and the incidence
angle 0 in a case where the refractive index n of the total
reflection prism member is 1.5 and where the center wave-
length Ac of light is 750 nm. It is seen from FIG. 14 that the
range of incidence angle 6 may be set to be approximately
from 45° to 90°, in order to satisfy Condition (8) while the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection is kept not more than 0.3 um. The incidence angle
0 is about 52° when the relative positional deviation amount
A is approximately zero.

FIG. 15 shows a relation between the relative positional
deviation amount A by one total reflection and the incidence
angle 0 in a case where the refractive index n of the total
reflection prism member is 1.6 and where the center wave-
length Ac of light is 750 nm. It is seen from FIG. 15 that the
range of incidence angle 6 may be set to be approximately
from 42° to 90°, in order to satisfy Condition (8) while the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection is kept not more than 0.3 um. The incidence angle
0 is about 49° when the relative positional deviation amount
A is approximately zero.

FIG. 16 shows a relation between the relative positional
deviation amount A by one total reflection and the incidence
angle 0 in a case where the refractive index n of the total
reflection prism member is 1.7 and where the center wave-
length Ac of light is 750 nm. It is seen from FIG. 16 that the
range of incidence angle 6 may be set to be approximately
from 39° to 90°, in order to satisfy Condition (8) while the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection is kept not more than 0.3 um. The incidence angle
0 is about 46° when the relative positional deviation amount
A is approximately zero.

The aforementioned embodiment described the example in
which the exposure apparatus was provided with the single
surface position detecting apparatus, but, without having to
be limited to this, the detection field can be divided with use
of a plurality of surface position detecting apparatus accord-
ing to need. In this case, calibration among the apparatus can
be implemented based on the detection results in a common
field between a detection field of a first surface position
detecting apparatus and a detection field of a second surface
position detecting apparatus.

The aforementioned embodiment was the application of
the present invention to the detection of the surface position of
the photosensitive substrate in the projection exposure appa-
ratus, but the present invention can also be applied to detec-
tion of a surface position of a mask in the projection exposure
apparatus. The aforementioned embodiment was the applica-
tion of the present invention to the detection of the surface
position of the photosensitive substrate in the projection
exposure apparatus, but the present invention can also be
applied to detection of a surface position of an ordinary detec-
tion target surface.

The aforementioned embodiment was the application of
the present invention to the detection of the surface position
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(position along a normal to the detection target surface) of the
detection target surface. However, without having to be lim-
ited to this, the present invention can also be applied, for
example, to a measuring apparatus in which an optical mem-
ber with a total reflection surface is disposed in a measure-
ment optical path and more commonly to an optical apparatus
in which an optical member with a total reflection surface is
disposed in an optical path. Specifically, the present invention
is applicable to an apparatus for measuring a surface shape of
a detection target surface as shown in FIG. 17 or to an appa-
ratus for measuring a position of a detection target surface (a
two-dimensional position of a detection target surface along
in-surface directions) as shown in FIG. 18.

In the measuring apparatus shown in FIG. 17, measure-
ment light from a light source 41 travels through a light-
sending optical system (projecting optical system) 42 and is
incident to a total reflection optical member (optical member
with total reflection surfaces) 43, for example, like a rhom-
boid prism. The measurement light totally reflected on the
total reflection surfaces (not shown) of the total reflection
optical member 43 is then incident to a detection target sur-
face 44. The measurement light reflected on the detection
target surface 44 is then incident to a total reflection optical
member 45, for example, having a configuration similar to
that of the total reflection optical member 43. The measure-
ment light totally reflected on total reflection surfaces (not
shown) of the total reflection optical member 45 travels
through a light-receiving optical system 46 and is then inci-
dent to an image detector 47, for example, like a CCD.

Inthis apparatus, the incidence position (image position) of
the measurement light to the image detector 47 varies with
change in the height position of the detection target surface 44
where the measurement light is incident. Therefore, the sur-
face shape of the detection target surface 44 (distribution of
heights at respective in-surface positions) is measured by
measuring incidence positions of the measurement light to
the image detector 47 while changing the incidence position
of the measurement light to the detection target surface 44 by
two-dimensional movement of the detection target surface 44
along the in-surface directions, or while changing the inci-
dence position of the measurement light to the detection
target surface 44 by action of a vibrating mirror or a polygon
mirror in the light-sending optical system 42. The surface
shape of the detection target surface 44 cannot be measured
with high accuracy when there occurs a relative positional
deviation between polarization components in the total
reflections in the total reflection optical members 43, 45, e.g.,
in a case where there is a thin film on the detection target
surface 44, or in a case where the detection target surface 44
has polarizing nature.

For measuring the surface shape of the detection target
surface 44 with high accuracy while restraining the influence
of'the relative positional deviation between polarization com-
ponents caused in the light totally reflected in the total reflec-
tion optical members 43, 45, on the measurement of the
surface shape of the detection target surface 44, the refractive
index n of the total reflection optical members 43, 45 and the
incidence angle 6 of the incident light to the total reflection
surfaces can be determined so that the relative positional
deviation amount A between the polarization components of
the light totally reflected by each total reflection optical mem-
ber 43, 45 becomes approximately zero, i.e., so that the abso-
Iute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection becomes, for example, not more than 0.3 um and
more preferably not more than 0.2 pm.
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In the measuring apparatus shown in FIG. 18, measure-
ment light from an illumination system 51 is reflected by a
half'mirror 53 inan objective optical system 52, and is emitted
from the objective optical system 52 to enter a path folding
prism (optical member with a total reflection surface) 54. The
measurement light totally reflected on a total reflection sur-
face 54a of the path folding prism 54, for example, like a
triangular prism illuminates a detection target surface 55. The
measurement light reflected by a mark (not shown) provided
on the detection target surface 55 is again incident to the path
folding prism 54. The measurement light totally reflected on
the total reflection surface 54a of the path folding prism 54
then travels through the objective optical system 52 and the
half mirror 53 therein to enter an image detector 56, for
example, like a CCD.

In the measuring apparatus shown in FIG. 18, positions of
marks on the detection target surface 55 and, therefore, posi-
tions of the detection target surface 55 (two-dimensional
positions of the detection target surface 55 along in-surface
directions) are measured based on an output from the image
detector 56. The position of the detection target surface 55
cannot be measured with high accuracy when there is a rela-
tive positional deviation between polarization components in
the total reflection in the path folding prism 54 in a case where
the detection target surface 55 has polarizing nature.

For measuring the position of the detection target surface
55 with high accuracy while restraining the influence of the
relative positional deviation between polarization compo-
nents caused in the light totally reflected by the path folding
prism 54, on the measurement of the position of the detection
target surface 55, the refractive index n of the path folding
prism 54 and the incidence angle 6 of the incident light to the
total reflection surface 54a can be determined so that the
relative positional deviation amount A between the polariza-
tion components of the light totally reflected by the path
folding prism 54 becomes approximately zero, i.e., so that the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection becomes, for example, not more than 0.3 pm and
more preferably not more than 0.2 um.

As described above, when a detection target surface has a
thin film affecting polarization, or a polarizing property, the
Goos-Haenchen Shift will arise at an internal reflection sur-
face (total reflection surface) disposed in an optical path (an
illumination optical path, a detection optical path, or the like);
therefore, to prevent occurrence thereof, it is preferable to
appropriately set the refractive index of the optical member
forming the internal reflection surface (total reflection sur-
face) and the angle of incidence to the internal reflection
surface (total reflection surface).

Incidentally, the aforementioned embodiment shown in
FIGS. 1 to 3 uses the parallelogram prisms (thomboid prisms)
each having the two mutually parallel total reflection sur-
faces, as the total reflection prism members. The refractive
index n of the prisms and the angle of incidence 6 of the
incident light to each total reflection surface are determined
s0 as to keep small the relative positional deviation amount A
caused at each total reflection surface. However, without hav-
ing to be limited to this, it is also possible to use, for example,
a tetragonal prism 61 having two mutually opposed total
reflection surfaces as shown in FIG. 19 (generally, two total
reflection surfaces not parallel to each other), as a total reflec-
tion prism member, and to determine the refractive index n of
the prism and incidence angles 0, (0°=0,=90°) and 0O,
(0°=0,=90°) of incident light to the two total reflection
surfaces so as to keep small a relative positional deviation
amount finally caused in the light after successive total reflec-
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tions on the two total reflection surfaces 61a and 615, i.e., the
sum A, +A, of the relative positional deviation amount A,
caused at the first total reflection surface 61a and the relative
positional deviation amount A, caused at the second total
reflection surface 615.

In this case, the relative positional deviation amount finally
caused in the light after the successive total reflections on the
two total reflection surfaces 6la and 615, A,,=A +A,, is
represented by Eq (10) below. The first term on the right hand
side in Eq (10) corresponds to the relative positional deviation
amount A, caused at the first total reflection surface 61a and
the second term on the right hand side corresponds to the
relative positional deviation amount A, caused at the second
total reflection surface 615.

[Math 7]
Atanf; 1 (10)
A, = ( — — - 1)-(:0501 +
x 'n2s1n201 _1 n2sin’@; + sin®0; — 1
Atané, 1
( - - - 1] - costy
12sin?0, + sin?6, — 1

7y n2sin6, — 1

In order to restrain the influence of the relative positional
deviation between polarization components of the totally
reflected light on the detection accuracy or the like, the idea of
the aforementioned embodiment to keep the relative posi-
tional deviation amount caused at one total reflection surface
0.3 um or less is applied to the relative positional deviation
amount A, represented by Eq (10), and Condition (11) below
with the upper limit of 0.3 umx2=0.6 um and the lower limit
of =0.3 pmx2=-0.6 pum is obtained as a conditional expres-
sion for keeping small the relative positional deviation
amount A , finally caused in the light after the successive total
reflections on the two total reflection surfaces 61a and 615.

[Math 8]
e ( 1 1) cost (a
_o. - N )
. ﬂ\/m n2sin?6; + sin?6; — 1 cosf;

Atan6y ( 1

—_— —1|-cos8, <0.6
n\/nzsinZOZ _1 n2sin®6, + sin6, — 1 ) 2 (hm)

In a specific numerical example, where the tetragonal
prism 61 is made of silica glass with the refractive index
n=1.45, where the incidence angle 0, to the first total reflec-
tion surface 61a is 47°, and where the incidence angle 6, to
the second total reflection surface 615 is 70°, the relative
positional deviation amount A, caused at the first total reflec-
tion surface 61a is +0.48 um and the relative positional devia-
tion amount A, caused at the second total reflection surface
615 is -0.21 um. Namely, the relative positional deviation
amount A, caused at the first total reflection surface 61a and
the relative positional deviation amount A, caused at the sec-
ond total reflection surface 615 cancel each other and the
relative positional deviation amount A | , finally caused in the
light after the successive total reflections on the two total
reflection surfaces 61a and 615 becomes +0.27 pm, which is
not more than 0.3 pm.
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In another numerical example, where the tetragonal prism
61 is made of silica glass with the refractive index n=1.45,
where the incidence angle 0, to the first total reflection sur-
face 61a is 50°, and where the incidence angle 6, to the
second total reflection surface 615 is 60°, the relative posi-
tional deviation amount A, caused at the first total reflection
surface 614 is +0.155 pm and the relative positional deviation
amount A, caused at the second total reflection surface 615 is
-0.136 um. Namely, the relative positional deviation amount
A, caused at the first total reflection surface 61a and the
relative positional deviation amount A, caused at the second
total reflection surface 615 cancel each other and the relative
positional deviation amount A,, finally caused in the light
after the successive total reflections on the two total reflection
surfaces 61a and 615 becomes +0.019 um, which is not more
than 0.05 um.

In the description with reference to FIG. 19, the tetragonal
prism 61 with the two total reflection surfaces was used as a
total reflection prism member, and the same idea can also be
generally applied to cases using a polygonal prism having two
or more total reflection surfaces. Namely, the refractive index
n of the prism and the incidence angle Ga (0°=0a=90°;
a=1-N) of incident light to the a-th total reflection surface
(internal reflection surface) may be determined so as to keep
small the relative positional deviation amount finally caused
in light after successive total reflections on a plurality of total
reflection surfaces (N total reflection surfaces: N is an integer
of 2 or more) in one polygonal prism (generally, an optical
member). In this case, the relative positional deviation
amount A, finally caused in the light after the successive
total reflections on the N total reflection surfaces is repre-
sented by Eq (12) below.

[Math 9]
Ay = (12)

Atanf,

1
n\/nzsinze 1 (nzsinzea +5in%0, — 1
a=1 @~

- 1)-(:0500

In order to restrain the influence of the relative positional
deviation between polarization components of totally
reflected light on the detection accuracy or the like, the idea of
the aforementioned embodiment to keep the relative posi-
tional deviation amount caused at one total reflection surface
0.3 um or less is applied to the relative positional deviation
amount Ay represented by Eq (12), and Condition (13) below
with the upper limit of 0.3 pmxN=0.3N pm and the lower
limit of -0.3 umxN=-0.3N um is obtained as a conditional
expression for keeping small the relative positional deviation
amount A, finally caused in the light after the successive
total reflections on the N total reflection surfaces.

[Math 10]
—0.3N (um) < (13)
N
Atand, ( 1 1) o -
— 1] cost, =
il n2sinto. — 1 n2sin?6, + sin@, — 1
a=1 @~
03N (um)

Furthermore, without having to be limited to one optical
member, the present invention can also be applied to a plu-
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rality of optical members in such a manner that the refractive
index na of an optical member forming the a-th total reflection
surface (internal reflection surface) and the incidence angle
0a (0°=0a=90°; a=1-N) of incident light to the a-th total
reflection surface may be determined so as to keep small the
relative positional deviation amount finally caused in the light
after successive total reflections on a plurality of total reflec-
tion surfaces (N total reflection surfaces: N is an integer of 2
ormore). In this case, the relative positional deviation amount
A,y finally caused in the light after the successive total reflec-
tions on the N total reflection surfaces in the plurality of
optical members is represented by Eq (14) below.

Math 11]

14

Mand, ( 1

N
Ay = E
E—d 7\ nksin®0, — 1

—1|-cosb,
n2sin®f,sin6, — 1 ] cos

In order to restrain the influence of the relative positional
deviation between polarization components of totally
reflected light on the detection accuracy or the like, the idea of
the aforementioned embodiment to keep the relative posi-
tional deviation amount at one total reflection surface 0.3 pm
or less is applied to the relative positional deviation amount
A,y represented by Eq (14), and Condition (15) below with
the upper limit of 0.3 pmxN-0.3N pum and the lower limit of
-0.3 pmxN=-0.3N um is obtained as a conditional expres-
sion for keeping small the relative positional deviation
amount A, finally caused in the light after the successive
total reflections on the N total reflection surfaces.

Math 12]
—0.3N (um) < (15)

N

Atanf, ( 1 1] o <
§ —1]-cosf, <
an2sin2e. — 1 nZsin®d, + sin’6, — 1
=1 "V o
0.3N (um)

There is no lower limit set in the aforementioned Condi-
tions (8) and (9), but it is preferable to set the lower limit of
Condition (8) to “~0.3 um or more” and to set the lower limit
of Condition (9) to “~0.2 um or more.” When the relative
positional deviation amount is smaller than the lower limit of
Condition (8), it will unfavorably result in bringing the fol-
lowing disadvantages: the apparatus comes to have a configu-
ration of oblique incidence with a large incidence angle; the
optical members such as prisms become complicated and
large in scale; the entire apparatus also becomes complicated
and large in scale. On the other hand, when the relative posi-
tional deviation amount is smaller than the lower limit of
Condition (9), it will unfavorably result in enhancing the
tendency of increasing the incidence angle in the configura-
tion of oblique incidence, enhancing the tendency of making
the optical members such as prisms complicated and larger in
scale, and further enhancing the tendency of making the
entire apparatus complicated and larger in scale.

The upper limit of Condition (8) is set to “+0.3 um or less,”
but it is preferable to set the upper limit of Condition (8) to
“+0.05 um or less” and to set the lower limit of Condition (8)
to “~0.05 pm or more,” in order to enable higher-accuracy and
stabler detection while enabling simplification and compac-
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tification of the optical members and apparatus. Namely,
Condition (16) below is preferably satisfied in order to enable
higher-accuracy and stabler detection while enabling simpli-
fication and compactification of the optical members and
apparatus.

[Math 13]

-0.05 (um) < (16

Atanf ( 1

7+ n2sin?0 — 1

—1]-cosf =0.05
n2sinf + sin6 — 1 ] o8 (n)

The below will describe a range of incidence angle 6 where
the absolute value of the relative positional deviation amount
A between the polarization components caused in one total
reflection becomes not more than 0.05 pm, with change in the
refractive index n of the total reflection prism member, with
reference to FIGS. 20 to 23 corresponding to FIGS. 13 to 16.
FIG. 20 is a drawing showing a partly enlarged view of FIG.
13, and shows the relation between the relative positional
deviation amount A in one total reflection and the incidence
angle 0 in the case where the refractive index n of the total
reflection prism member is 1.45 and where the center wave-
length Ac of light is 750 nm. It is seen from FIG. 20 that the
range of incidence angle 6 can be set to be approximately
from 52° to 55°, in order to satisfy Condition (16) while the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection is kept not more than 0.05 pm.

FIG. 21 is a drawing showing a partly enlarged view of
FIG. 14, and shows the relation between the relative posi-
tional deviation amount A in one total reflection and the
incidence angle 0 in the case where the refractive index n of
the total reflection prism member is 1.5 and where the center
wavelength Ac of light is 750 nm. It is seen from FIG. 21 that
the range of incidence angle 6 can be set to be approximately
from 24.5° to 56°, in order to satisfy Condition (16) while the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection is kept not more than 0.05 pm.

FIG. 22 is a drawing showing a partly enlarged view of
FIG. 15, and shows the relation between the relative posi-
tional deviation amount A in one total reflection and the
incidence angle 0 in the case where the refractive index n of
the total reflection prism member is 1.6 and where the center
wavelength Ac of light is 750 nm. It is seen from FIG. 22 that
the range of incidence angle 6 can be set to be approximately
from 46.5° to 53°, in order to satisfy Condition (16) while the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection is kept not more than 0.05 pm.

FIG. 23 is a drawing showing a partly enlarged view of
FIG. 16, and shows the relation between the relative posi-
tional deviation amount A in one total reflection and the
incidence angle 0 in the case where the refractive index n of
the total reflection prism member is 1.7 and where the center
wavelength Ac of light is 750 nm. It is seen from FIG. 23 that
the range of incidence angle 6 can be set to be approximately
from 43.5° to 50°, in order to satisfy Condition (16) while the
absolute value of the relative positional deviation amount A
between the polarization components caused in one total
reflection is kept not more than 0.05 pm.

Similarly, in the case where light is successively totally
reflected on a plurality of total reflection surfaces in one
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optical member, the upper limit of Condition (13) can be set
10 0.05 umxN=0.05N pm and the lower limit thereof to —0.05
umxN=-0.05N pm, whereby Condition (17), which is more
preferable than Condition (13), is obtained as a conditional
expression for enabling higher-accuracy and stabler detection
while enabling simplification and compactification of the
optical members and apparatus.

[Math 14]
—0.05N (um) =< 17
Z Atand, ! 1]-(:0500 =<
”W n2sin®d, + sin’6, — 1
0.05N (um)

Similarly, in the case where light is successively totally
reflected on a plurality of total reflection surfaces in a plural-
ity of optical members, the upper limit of Condition (15) can
be set to 0.05 umxN=0.05N pm and the lower limit thereof to
-0.05 umxN=-0.05N pm, whereby Condition (18), which is
more preferable than Condition (15), is obtained as a condi-
tional expression for enabling higher-accuracy and stabler
detection while enabling simplification and compactification
of the optical members and apparatus.

[Math 15]
—0.05N (um) =< (18)
Atan6, 1
Z ( pRr) 20 1—1]-005005
— F'e ngsiHZOG —1 181" 6, + s1in“6,; —
0.05N (um)

In the present invention the GHS caused at a plurality of
total reflection surfaces is controlled by properly setting the
incidence angle and the refractive index forming each total
reflection surface, but it is also possible to control the Goos-
Haenchen Shift (GHS) amount, by making the incidence
angle of at least one optical member with a total reflection
surface (one or more of optical members having a total reflec-
tion surface) adjustable by an adjusting device and changing
the incidence angle to each total reflection surface to adjust
the Goos-Haenchen Shift (GHS) amount. In this case, the
adjusting device can be arranged so as to be able to manually
orautomatically adjust the optical member, but it is preferable
to configure the adjusting device so as to be able to automati-
cally adjust the optical member. In this case, a preferred
configuration is such that a detecting device detects light
having passed via each total reflection surface and the adjust-
ing device including a motor and others is driven so as to
automatically set an appropriate Goos-Haenchen Shift (GHS)
amount, based on output information (a detection signal, a
drive signal, or the like) from the detecting device.

For example, in the embodied form shown in FIG. 12, a
light splitting member (half mirror or the like) is located on
the detector side of the lens 10 (above the lens 10) and a
detecting device (detector or the like) for detecting the Goos-
Haenchen Shift (GHS) amount is disposed in an optical path
split by the beam splitting member. Driving devices (adjust-
ing devices) are arranged to independently incline the respec-
tive path folding prisms (31, 32), based on the output from the
detecting device (detector or the like), and the angles of
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incidence of light to the respective total reflection surfaces
(315, 32b) of the respective path folding prisms (31, 32), are
adjusted independently of each other through the driving
devices (adjusting devices), whereby the GHS amount of the
entire apparatus can be properly set.

The exposure apparatus of the above-described embodi-
ment can manufacture micro devices (semiconductor
devices, imaging devices, liquid-crystal display devices, thin-
film magnetic heads, etc.) through a process of illuminating a
reticle (mask) by the illumination apparatus (illumination
step) and exposing a photosensitive substrate with a transfer
pattern formed in a mask, by the projection optical system
(exposure step). The below will describe an example of a
method for obtaining semiconductor devices as micro devices
by forming a predetermined circuit pattern in a wafer or the
like as a photosensitive substrate by means of the exposure
apparatus of the embodiment, with reference to the flowchart
of FIG. 24.

The first step 301 in FIG. 24 is to deposit a metal film on
each wafer in one lot. The next step 302 is to apply a photo-
resist onto the metal film on each wafer in the lot. The sub-
sequent step 303 is to use the exposure apparatus of the above
embodiment to sequentially transfer an image of a pattern on
amask into each shot area on each wafer in the lot through the
projection optical system of the exposure apparatus. The sub-
sequent step 304 is to perform development of the photoresist
on each wafer in the lot and the next step 305 is to perform
etching using the resist pattern on each wafer in the lot as a
mask, and thereby to form a circuit pattern corresponding to
the pattern on the mask, in each shot area on each wafer.

Thereafter, devices such as semiconductor devices are
manufactured through steps including formation of circuit
patterns in upper layers. The above-described semiconductor
device manufacturing method permits us to obtain the semi-
conductor devices with extremely fine circuit patterns at high
throughput. The steps 301-305 are arranged to perform the
respective steps of deposition of metal on the wafer, applica-
tion of the resist onto the metal film, exposure, development,
and etching, but it is needless to mention that the process may
be modified as follows: prior to these steps, an oxide film of
silicon is formed on the wafer, a resist is then applied onto the
silicon oxide film, and thereafter the steps of exposure, devel-
opment, and etching are carried out.

The exposure apparatus of the embodiment can also manu-
facture a liquid-crystal display device as a micro device by
forming predetermined patterns (circuit pattern, electrode
pattern, etc.) on plates (glass substrates). An example of a
method in this case will be described below with reference to
the flowchart of FIG. 25. In FIG. 25, a pattern forming step
401 is to execute a so-called photolithography step of trans-
ferring a pattern of a mask onto a photosensitive substrate (a
glass substrate coated with a resist or the like) by means of the
exposure apparatus of the above embodiment. This photoli-
thography step results in forming a predetermined pattern
including a large number of electrodes and others on the
photosensitive substrate. Thereafter, the exposed substrate is
processed through each of steps including a development
step, an etching step, a resist removing step, etc. whereby the
predetermined pattern is formed on the substrate, followed by
the next color filter forming step 402.

The next color filter forming step 402 is to form a color
filter in which a large number of sets of three dots correspond-
ingto R (Red), G (Green), and B (Blue) are arrayed in a matrix
pattern or in which sets of filters of three stripes of R, Cand B
are arrayed in the horizontal scan line direction. After the
color filter forming step 402, a cell assembling step 403 is
executed. The cell assembling step 403 is to assemble a liquid
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crystal panel (liquid crystal cell) using the substrate with the
predetermined pattern obtained in the pattern forming step
401, the color filter obtained in the color filter forming step
402, and others.

In the cell assembling step 403, the liquid crystal panel
(liquid crystal cell) is manufactured, for example, by pouring
a liquid crystal into between the substrate with the predeter-
mined pattern obtained in the pattern forming step 401 and the
color filter obtained in the color filter forming step 402. The
subsequent module assembling step 404 is to attach various
components such as electric circuits and backlights for dis-
play operation of the assembled liquid crystal panel (liquid
crystal cell) to complete the liquid-crystal display device. The
above-described manufacturing method of the liquid-crystal
display device permits us to obtain the liquid-crystal display
device with extremely fine circuit patterns at high throughput.

The invention claimed is:

1. A surface position detecting apparatus, comprising:

a light projection system which projects a light from an

oblique direction onto a detection target surface; and

a light reception system which receives the light reflected

on the detection target surface, said surface position
detecting apparatus being adapted to detect a surface
position of the detection target surface on the basis of an
output from the light reception system,

wherein at least one of the light projection system and the

light reception system comprises a total reflection prism
member including an internal reflection surface which
totally reflects the light, and

wherein an amount of a relative positional deviation

between polarization components of the light totally
reflected on the internal reflection surface satisfies the
following relation:

[Math 16]

Atanf ( 1

7y n2sin’0 - 1

—1]-cos#=<0.3
n2sin®6 + sin%6 — 1 ) o8 (hm)

where A (um) is a wavelength of the light, n is a refractive
index of an optical material forming the total reflection
prism member, and 0 (0°=0=90°) is an angle of inci-
dence of a ray along an optical axis in the light incident
to the internal reflection surface of the total reflection
prism member.

2. The surface position detecting apparatus according to
claim 1, wherein the total reflection prism member is made of
an optical material with a predetermined refractive index, and

wherein the angle of incidence of the light to the internal

reflection surface of the total reflection prism member is
determined so that the amount of the relative positional
deviation between the polarization components of the
light totally reflected on the internal reflection surface of
the total reflection prism member becomes substantially
Zero.

3. The surface position detecting apparatus according to
claim 1, wherein the total reflection prism member is
arranged to totally reflect the light incident at a predetermined
angle of incidence to the internal reflection surface, and

wherein the refractive index of the optical material forming

the total reflection prism member is determined so that
the amount of the relative positional deviation between
the polarization components of the light totally reflected
on the internal reflection surface of the total reflection
prism member becomes substantially zero.
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4. The surface position detecting apparatus according to
claim 1, which further satisfies the following relation:

Math 17]

—0.05 (um) <

Atanf ( 1

—1]-cos® = 0.05 .
n2sin6 + sin6 — 1 ) cos (wm)

n2sin? — 1

5. The surface position detecting apparatus according to
claim 1, wherein the total reflection prism member includes N
internal reflection surfaces,

the surface position detecting apparatus further satisfies the

following relation:

[Math 18]

—0.3N (um) =
N

Atand, ( 1

A n2sinZ0. —
o Ay RRsint G, — 1

—1|-cosf, <0.3N (um
n2sin?, + sin6, — 1 ] (hen)

where 0, (0°=0,=90°) an angle of incidence ofa ray along
an optical axis in the light incident to an a-th internal
reflection surface.

6. The surface position detecting apparatus according to
claim 1, wherein the total reflection prism member includes N
internal reflection surfaces,

the surface position detecting apparatus further satisfies the

following relation:

[Math 19]
—0.05N (um) <

)

a=1

Atanf,

1
o n2sin?g, — 1 (nzsinZOG Fsintl, —1

1)-(:0500 < 0.05N (um)

where 0, (0°=0,=90°) an angle of incidence ofa ray along
an optical axis in the light incident to an a-th internal
reflection surface.

7. The surface position detecting apparatus according to
claim 1, wherein the light projection system comprises a
projection-side prism member including a plurality of inter-
nal reflection surfaces which effects a substantial parallel
shift of an optical path of the light, as the total reflection prism
member, and

wherein the light reception system comprises a reception-

side prism member including a plurality of internal
reflection surfaces which effects a substantial parallel
shift of an optical path of the light from the detection
target surface, as the total reflection prism member.

8. The surface position detecting apparatus according to
claim 1, wherein the light projection system comprises a
projecting optical system which forms a primary image of a
predetermined pattern on the detection target surface, and

wherein the light reception system comprises a condensing

optical system which condenses the light reflected on the
detection target surface, to form a secondary image of
the predetermined pattern, and a detection unit which
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detects the secondary image of the predetermined pat-
tern formed through the condensing optical system,

the surface position detecting apparatus detecting the sur-
face position of the detection target surface on the basis
of an output from the detection unit.

9. An exposure apparatus which projects a predetermined
pattern through a projection optical system onto a photosen-
sitive substrate to effect exposure thereof, comprising:

the surface position detecting apparatus as set forth in

claim 1, which detects a surface position of a surface of
the predetermined pattern or an exposed surface of the
photosensitive substrate relative to the projection optical
system, as the surface position of the detection target
surface; and

a positioning apparatus which positions the surface of the

predetermined pattern or the exposed surface of the pho-
tosensitive substrate relative to the projection optical
system, based on a detection result by the surface posi-
tion detecting apparatus.

10. A device manufacturing method comprising:

an exposure step of effecting exposure of the photosensi-

tive substrate with the predetermined pattern, using the
exposure apparatus as set forth in claim 9; and

a development step of developing the photosensitive sub-

strate exposed in the exposure step.

11. A measuring apparatus which measures a measurement
target surface, comprising:

a detector which detects light from the measurement target

surface; and

an optical member with a total reflection surface disposed

in an optical path between the measurement target sur-
face and the detector,

wherein an amount of a relative positional deviation

between polarization components of the light totally
reflected on the internal reflection surface satisfies the
following relation:

[Math 26]

Atang ( 1

7+ n2sin?6 — 1

—1}-cosf = 0.3
n2sin®6 + sin?6 — 1 ) cos (wm)

where A (um) is a wavelength of the light, n is a refractive
index of the optical member forming the total reflection
prism member, and 0 (0°=0=90°) is an angle of inci-
dence of a ray along an optical axis in the light incident
to the internal reflection surface of the total reflection
prism member.

12. The measuring apparatus according to claim 11,
wherein said measuring apparatus is configured to measure a
position of the measurement target surface on the basis of an
output from the detector.

13. The measuring apparatus according to claim 11,
wherein said measuring apparatus is configured to measure a
surface position of the measurement target surface on the
basis of an output from the detector.

14. The measuring apparatus according to claim 11,
wherein said measuring apparatus is configured to measure a
surface shape of the measurement target surface on the basis
of'an output from the detector.

15. The measuring apparatus according to claim 11,
wherein the optical member is made of an optical material
having a predetermined refractive index, and

wherein the angle of incidence of the light to the total

reflection surface of the optical member is set so that an
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amount of the relative positional deviation between the
polarization components of the light totally reflected on
the total reflection surface becomes substantially zero.
16. The measuring apparatus according to claim 11, which
further satisfies the following relation:

[Math 28]

—0.05 (um) <

Atanf ( 1

- 1)-0050 < 0.05 (um).
n\/nzsinZO— 1

n2sin®6 + sin%6 — 1

17. The measuring apparatus according to claim 11,
wherein the optical member includes N total reflection sur-
faces,

the measuring apparatus further satisfies the following

relation:

[Math 29]

—0.3N (um) <

Mand, ( 1

N
; 7 n2sin?6, — 1

—1|-cosf, <03N (um
n2sin?6, + sin@, — 1 ] (hm)

where 0a (0°=0a=90°) an angle of incidence of a ray
along an optical axis in the light incident to an a-th total
reflection surface.

18. The measuring apparatus according to claim 11,
wherein the optical member includes N total reflection sur-
faces,

the measuring apparatus further satisfies the following

relation:

[Math 30]

—0.05N (um) <

Atan, ( 1

; 7\ n2sin?6, — 1

—1]-cosf, < 0.05N
n2sin20, + sin%6, — 1 ] o8 (hen)
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where 0a (0°=0a=90°) an angle of incidence of a ray
along an optical axis in the light incident to an a-th total
reflection surface.

19. A measuring apparatus which measures a measurement
target surface, comprising:

a light projection system which guides light to the mea-
surement target surface;

a light reception system which receives the light from the
measurement target surface; and

an optical member with a total reflection surface disposed
in at least one of an optical path of the light projection
system and an optical path of the light reception system,

wherein, an amount of a relative positional deviation
between polarization components of the light totally
reflected on the internal reflection surface satisfies the
following relation:

[Math 27]

Atang ( 1

2602 201
i n2sino — 1 n?sin“d + sin“0 — 1

1)-0050 < 0.3 (um)

where A (um) is a wavelength of the light, n is a refractive
index of the optical member forming the total reflection
prism member, and 0 (0°=0=90°) is an angle of inci-
dence of a ray along an optical axis in the light incident
to the internal reflection surface of the total reflection
prism member.

20. The measuring apparatus according to claim 19,
wherein said measuring apparatus is configured to measure a
position of the measurement target surface on the basis of an
output from the light reception system.

21. The measuring apparatus according to claim 19,
wherein said measuring apparatus is configured to measure a
surface position of the measurement target surface on the
basis of an output from the light reception system.

22. The measuring apparatus according to claim 19,
wherein said measuring apparatus is configured to measure a
surface shape of the measurement target surface on the basis
of'an output from the light reception system.
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